Abstract -Experiences with past major disasters tell us that people with wireless devices and social network services can serve effectively as mobile human sensors. A disaster warning and response system can solicit eye-witness reports from selected participants and use information provided by them to supplement surveillance sensor coverage. This paper describes several formulations of the participant selection problem that selects participants from available people in order to collect disaster information of threatened areas.
I. INTRODUCTION
Despite advances in sensor technologies, disaster surveillance and response systems cannot always rely solely on sensors and sensor networks/systems for surveillance data to acquire situation awareness and support decisions. Deployment costs may limit the coverage and density of sensors (e.g., [1] , [2] ). In-situ sensors in disaster affected areas may be damaged, and thick clouds, vegetations, buildings, etc. can render remote sensors (e.g., surveillance satellites and unmanned aerial vehicles) ineffective. Fragmented sensor coverage can leave decision makers and responders ill-informed of imminent dangers to hundreds of people. This was what happened during Typhoon Morakat in 2009 in Taiwan [3] .
Using people armed with wireless devices and Web 2.0 services as mobile human sensors is a way for a system to enhance its surveillance capability. Eye-witness reports of conditions at selected locations can complement data from physical sensors to eliminate blind spots and mend fragmentation in sensor coverage. A disaster surveillance system designed to make use of human sensors triggers a human sensor data collection (HSDC) process under specified conditions. By selecting individuals from available human sensors to participate and direct the selected participants to explore the threatened area, the system aims to collect eyewitness reports needed for it to acquire situation awareness in the shortest time [4] [5] [6] .
We call the problem of selecting individual human sensors to collect data in different regions of the threatened area in order to optimize some specified objective subject to constraints in the number and costs of human sensors the participant selection problem (PSP). Solutions to variants of the problem are bases of the participant selection strategy used by the system. II. RELATED WORKS Several social networks based disaster management platform have been proposed by [7] [8] . The major idea is to utilize available human resources, such as volunteers and official responders, during a disaster. J. Therese et al. [7] presented a Android-based disaster management system. They determined the optimum route of volunteers or official responders to visit threatened areas. Unlike their system, we focus on human resource allocation. Our goal is to dispatch volunteers to different areas so that most of threatened areas can be protected. M. Careem et al. [8] developed a disaster management system called "SAHANA", which is an open platform for official agencies or non-governmental organization (NGO) to share disaster information. Although SAHANA is popular, it does not provide the functionality of allocating volunteers to collect the disaster information. Compared to SAHANA, our disaster management system arranges volunteers to collect disaster information.
Several works have been proposed to address human resources allocation problems in different application scenarios [12] [13] [14] . The methods developed by Taesoo Kwon et al. [12] , Giulio Bartoli et al. [13] and Chen Junjie et al. [14] are only suitable for small size problems that cannot represent major disaster scenarios. In this work, we focus on major disasters that require many participants for rescue actions. We intend to develop a fast algorithm to solve the human resource allocation problem in a reasonable time.
III. PROBLEM DESCRIPTION
We define a participant selection problem (PSP) as properly allocating volunteers to different threatened areas so that most of areas can be protected.
Specifically, the solution of a participant selection problem (PSP) is a selection of participants of a HSCD process and an assignment of the selected participants to regions that optimize some objective function subject to constraints in term of the number, quality and costs of participants available for selection. The formulations of PSP described here focus primarily on how to make best use of participants of types I and M. The characteristic of each type participants is listed in Table 1 . The profit of each relief work is evaluated by their ability (e.g., speed, body strength). In addition, the budget of each relief worker is evaluated by how many resources they required, such as relief devices and equipment. In addition to the values of all regions in the threatened area, the system knows the numbers of type-I and type-M participants available for selection. The cost incurred by each participant P i during the HSDC process may depend on the region to which he/she is assigned as well as the participant. The system can take into account practical factors such as overtime pay for type-I participants, rewards for type-M participants, etc. by setting the cost for each participant, or each participant type, individually. Finally, the system has a total budget for each HSDC process; the total cost of all selected participants must not exceed the budget.
A Formulation of PSP
Before introducing PSP, we describe the model and notations used to formulate PSP.
 The area has ρ regions R 1 , R 2 , … R ρ , and their values are v 1 , v 2 , … v ρ , respectively.  Among π participants P 1 , P 2 , … P π , first π(I) participants are of type I ; the remaining π(M) participants are of type
is the value (benefit) achievable by P i if he/she is assigned to explore region R k . -c ik (0≤ c ik ) is the cost of P i when assigned to explore region R k .  B (>0) is the total budget available to be spent on all selected participants. We assume that values of regions, costs of participants and total budget are positive integers.
The PSP is formulated as:
The variable x ik = 1 means that participant P i is selected and is assigned to region R k ; it is equal to 0 if otherwise. The set {x ik } for all i = 1, 2, … π and k = 1, 2, … ρ gives an assignment of a subset of participants to regions; the inequality (3) allows {x ik } to be a proper subset of the set of all participants. The term V given by Eq. (1) is the total value achievable by all the selected participants when they explore their assigned regions. The inequality (5) says that the total cost incurred by them must not be greater than the budget B. The constraint (2) ensures that the solution {x ik } never assigns more participants to any region than needed to achieve the full value of the region. The goal of PSP is to maximize the Eq. (1) to find the optimal balance between reducing human resource allocation and speed up rescue process.
IV. CONCLUSION In this work, we describe a problem called "participant selection problem". PSP is an important issue that should be solved when a disaster happens. We have been formulated the problem. And the next step is to create a heuristic solution to solve PSP. After creating a heuristic solution, we plan to develop an optimal solution to optimize the performance of solution.
